Of 42 rhizobial isolates from Medicago sativa and Melilotus spp. growing in arid saline fields in Xinjiang, China, 40 were identified as Sinorhizobium meliloti by a polyphasic approach. However, diverse groups were obtained from these isolates in numerical taxonomy and SDS-PAGE of proteins. They could grow at pH 105 and were tolerant to 25-40 % (w/v) NaCl.
The legume species within the genera Medicago and Melilotus are important as foliage and as a source of green manure and are naturally distributed or cultivated in many regions of the world. They are known to form nitrogen-fixing root nodules. Sinorhizobium meliloti (de Lajudie et al., 1994) , Sinorhizobium medicae (Rome et al., 1996) and Rhizobium mongolense (van Berkum et al., 1998) have been described as rhizobia associated with these plants. However, compared to the worldwide distribution and large number of species within these two legume genera (Allen & Allen, 1981) , the diversity of the rhizobia associated with these legumes has still not been well evaluated. Many Medicago and Melilotus species grow widely in China, but their microsymbionts have not been investigated systematically. A few isolates from these plants in Chinese soils have been classified as S. meliloti (Chen et al., 1988) and R. mongolense (van Berkum et al., 1998) . As a foliage crop, Medicago sativa has been cultivated for many years in a vast area in Xinjiang, China. Some species of Melilotus are native to that 
Abbreviations :
ET, electrophoretic type ; MLEE, multilocus enzyme electrophoresis.
The GenBank accessions number for the 16S rRNA gene sequences of strains CCBAU83060 and CCBAU83408 are AF054930 and AF054931, respectively. region and provide food for wild animals. Soils are mainly saline and alkaline in this area. It could be reasoned that rhizobia adapted to this environment are needed for effective symbiosis. Considering the potential ability of using salt-and saline-tolerant rhizobia as inoculant to improve the production of alfalfa in arid regions, we collected and characterized the rhizobial germplasms associated with Medicago sativa and Melilotus species in the arid saline fields of Shihezi, Urumqi and Turpan, three different geographic regions (cities) from north to south in Xinjiang, China.
A total of 42 isolates and 26 reference strains (Table 1) were used in this research. Forty-one isolates originally obtained from the nodules were fast-growing, acidproducing rhizobia with gummy colonies on YMA medium. Since small, dry colonies occurred frequently in many isolates, isolates CCBAU83333S, a small colony derivative of isolate CCBAU83333, was also included in some of the analyses. Numerical taxonomy analysis, using the methods described by Gao et al. (1994) , divided 38 of the 41 isolates into two clusters (1 and 2) at a similarity level of 85 % and they linked together at 82 % similarity before they linked to the defined species (Fig. 1) . Isolates from the two genera of host plants in the three geographic regions were intermingled in these two clusters. Three isolates, Sinorhizobium meliloti from arid saline soils (ETs) were identified among the isolates tested (Fig. 2) .
Isolates of clusters 1 and 2 (ET1-5) were classified into a single group together with the type strain S. meliloti USDA 1002 T at a genetic distance of 0n20 (Fig. 2) . Single branches that separated above a genetic distance of 0n40 were obtained from isolates CCBAU83482 and 83328, and from the type strains of Sinorhizobium fredii, Sinorhizobium xinjiangense, Sinorhizobium medicae, Sinorhizobium saheli and Sinorhizobium terangae. Isolate CCBAU83333S had identical MLEE patterns with its mother isolate, CCBAU83333 and they were grouped together with isolates of clusters 1 and 2.
In current taxonomy, DNA-DNA homology and distinctive features are used as the main basis to define a species, and other methods to reveal the genetic diversity are recommended . The high DNA homologies ( 70 %) in DNA-DNA hybridization, close genetic relationships in MLEE analysis (Fig. 2) and identical 16S rRNA gene sequences found among our isolates and the reference strains for S. meliloti indicated that the isolates within clusters 1 and 2 (Fig. 1) , as well as isolate CCBAU-83333, were S. meliloti based on the current definition of species Wayne et al., 1987) . Isolates CCBAU83060 and 83408, representing clusters 1 and 2, respectively, nodulated Medicago sativa and Melilotus suaveolens, but did not nodulate Vigna sinensis, Glycine max, Trifolium repens, Phaseolus vulgaris, Pisum sativum or Caragana korshiinskii.
It seems there was a lack of S. medicae (Rome et al., 1996) in the fields we investigated. However, the identification of isolate CCBAU83482 might indicate the existence of new lineage related to R. mongolense (van Berkum et al., 1998) as a minor constituent. 
Fig. 2.
Genetic relationships revealed by MLEE analysis based upon 13 metabolic enzymes. Genetic distance (D) was estimated by the proportion of different enzyme bands among the total bands as described by Selander et al. (1986) . Cluster analysis was performed using the methods of Nei & Li (1979) . ET2 also includes the isolates CCBAU83333, 83333S, 83342, 83420 and 83552 ; ET4 also includes the isolates CCBAU83060 and 83318 ; ET5 also includes the isolates CCBAU83071 and 83834.4.
In this study, the grouping results from numerical taxonomy data and from SDS-PAGE of proteins were different from each other and from those of DNA-DNA relatedness, MLEE and 16S rRNA gene analyses. These results further demonstrate that a polyphasic approach is needed for a stable and accurate classification. The three phenotypic groups obtained among the S. meliloti isolates and strains by numerical taxonomy might be evidence for divergent evolution within the species. The new isolates could be differentiated from the reference strains of S. meliloti by utilization of -galactose and trehalose as carbon source, but not gluconate, resistance to 300 µg erythromycin ml V " and sensitivity to 300 µg polymyxin ml V ", and growth at pH 10n0-10n5 and in medium with 2n5% (w\v) NaCl.
Because Medicago sativa is an important foliage and is cultivated worldwide, the microsymbionts associated with this plant have been investigated extensively. It has been reported that S. meliloti grows at a pH range of 5n0-9n5 (Jordan, 1984) and is tolerant to 2n0% (w\v) NaCl. Another Medicago-nodulating species, S. medicae, can grow at pH 5n0-10n0 and is resistant to 2n0% NaCl (Rome et al., 1996) . Growth at pH 5n0 has been recorded for only some strains (Jordan, 1984) from acidic soils (del Papa et al., 1999) . Our results indicated that the S. meliloti isolates from arid-saline areas in Xinjiang were tolerant to high pH and high concentrations of NaCl and were sensitive to acidic conditions. All of them could grow at pH 10n0-10n5, but none could grow at pH 5n0 and only six could grow at pH 5n5. All of them were tolerant to 2n5% (w\v) NaCl. Isolates CCBAU83103, 83062, 83328, 83370, 83382, 83394, 83420, 83482 and 83483 were tolerant to 3 % (w\v) NaCl. Isolates CCBAU83328, 83370, 83382, 83420, 83482 and 83483 were even tolerant to 4 % (w\v) NaCl. Based on these results, the description of the pH range for growth and resistance to NaCl for S. meliloti should be modified. We also found in this research that all of the isolates had gummy colonies on YMA, as for S. medicae strains. After checking the isolate CCBAU83333S by PCR-RFLP of 16S rRNA genes and MLEE analysis, we concluded that the small colonies that occurred in many isolates are mutants from the gummy colonies.
